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invention for which >w< > P ray *Sffl?SiWln «d by the followmg statement. 

Polyurethane foams are now quite commonly emproyw sQme hy drophdic 

apJucStons involving contact with ,the ^^^^Ldditlve into a hydrophobic 
character by the inclusion of ■ fg£^ B3 g3fi foams have also been prepared by 

SSalytic ructions h« m*o be.. ^X^cra»«^ 1 ^W^ < «™ 

20 ssi^^^* 53 ^ are '~* ,y b< """ 1 ,mo *" ! 

which easily extract during use. contain residual aromatic amines which 

it has been discovered that polyurethane f oams contain * subseq uent to the foaming 
arKevtdtS example, both 

process, and possibly due to Mrolvw ™ ™ *o*m ™* * have been found to contain 
SSot and prepolymer foams employing wl^ne diiscogfcue believed that foams 
Ae co^e^ponding amine, namely toluene diamine (™£> ^. po i ya mine. The term 
emoSg other aromatic polyisocyanates »«^^_SS£tt TDA but it also includes 
S amine" as used herein h "^^vLgranates. According to the 
other aromatic amines formed s J°™™*£ 0 ™^™£5Jccd bv introducing a 'tovogB, 
mesent invention the amount of aromatic amine is "=uu surv ive the foaming 

SSSlly Prior to foaming, said scavenge. : being f a ^ a «nal wmc ^ ^ 

Sion to react with ^*™™^J&^^££m* (as hereinafter defined) 

ssk£ -xsW^e*^^ which compnses m 77 

Inl b ^caveneer for aromatic amine either in. . _ or noWester polvol and water 
mB (a) a mixfure of an aromatic P^OT^^ from 0 2 

in which case the index of said »«ffi2£ySSe in the mixture is from 110 to 96 or 
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not ^Sre P th£ 8 K a " d W3 ^ in „ wlu ch c ase the scavenger is present in an amount 
scav^er ifc y °" th , e wei S ht of ^ functional groups of the 

reacf or iJ?M ff/ES y ^M? 1 " of said Polymer, and causing the resulting mixture to 
mixulre nL m ? • obtained by reacting a mixture as defined in (a) or (b). which 
mixture did not contain scavenger. < 

It has been discovered that the most effective scavengers are aliphatic (includine 
2 h?«W.oh C an r 3ryl al »Phatic) mono- or poly-isocyanates. especially dilsocyanat™ 
as bis(cyclohexylisocyanato)methane (4.4'-methyIenebiscyclohexyI difsocyanate). isophor- 
one dusocyanate and bis (3-methyM-isocyanatocvclonexvl)methane. as well as tris 

T ? ^ Xamethylene) " bil i ret and isoc yanate derivatives of condensed fatty acids but 10 
^ r * a v phat - C ^T"^ as well as other materials which are capable of reacting with an 
aromatic amine and which react more slowly with water (or not at all) than thelromatic 

?ntec^H nate empl ° y -, d - Can be u u , sed - For exan, P' e - "8«ic oxirane compounds sud? as 
a? EPON b . ea %f n n o epjcWorohydrin epoxy resins derived from bisphenol A such 

u j .y K28 L irom Shell Oil Co.; organic anhydrides, in particular a carboxvlic acid 15 
SSlfSSf-T*! - S Ph K h , a,iC . anh y d , ride - trim elbtic anhydride 1 ! pvromellitic diaXdride 
a t P r/n" 0 S^ a i e, ., C anh y dnde copolymers. poly(maleic anhydride) and olieomers thereof 
styrene/maleic anhydride copolymers and alkyl vinvl ether/maleic anhydnde copolymers 1 

ffi°SlH a T de H S x? ?» b f2W 2 ul P ho . n - vl chloride: and carbodiimides such as "Isolate" 20 
S% W d Tr3de ^K rk) A 43 h & VPJ° hn ) and "Staboxo" (Registered Trade Mark) I 
(bis)2,6-diiso-propylphenyl)carbodiimicfe) by Naftone. Inc. The scavengers can. of couree 

oniv 5 ^/ 1 "" -^ eS ° r b,ends 7 th , one another if so desired - The Preferred scavenger reacts 
on y slowly with water polyols or isocyanate groups so as to survive the initial 

25 polymerisation reaction, but is capable of reacting rather rapidly with by-product aromatic 25 
amine moieties during the drying and/or storinc of the polyurethane product 

Although the theory of the formation of the aromatic amines as well as the activity of the 
scavenger are not clearly understood, it appears that aromatic polyisocyanates and possibly 
their reaction products containing urea and urethane linkages are hydrolvsed to produce 

30 free aromatic amines which can be leached from the polyurethane foam. The aliphatic 30 
dnsocyante or other scavenger is believed not to complete successfully with the aromatic 
polyisocyanate for functional groups during the polymerisation reaction. Therefore the 
aliphatic isocyanate survives polymerisation and is believed to form urea addition products 
u *u a f oma a ami ! ieS as u th ese are produced. These products appear to be more difficult to 

35 leach from the polyurethane foam and are also not believed to present a potential health 35 
hazard. It has also been found that the resulting foams contain minor amounts of aliphatic 
amines which are hydrolysis products of the air P hatic isocyanates. However, the aliphatic 
amines are not believed to present the potential health problems raised bv the aromatic 
amines. 

40 A number of factors are important in reducing levels of TDA and optimising the effect of 40 
the scavenger. In general the residual aromatic amine content should be reduced to below 
e * am P le - foams which are stored while still wet tend to exhibit a higher level 
or 1UA than the corresponding foams stored following drying. Up to 8% bv weieht of 
scavenger based on the weight of the prepolymer is used: amounts of 4% by weight or less 
are frequently satisfactory. Generally amounts range from 0.01 to 89c by weight and 45 
preferably 0 1 to 4% bv weight. It should be understood that the weieht percentage Abased 
f T[f lght ^ f ^ e N( ?° £ rou P s - in lhe case of an aliphatic isocyanate. and does not 
include the residual portions of the isocyanate molecule such as the aliphatic hvdrocarbon 
residue in the case of isophorone dusocyanate. The above percentages also apply to the 
other organic amine binding agents employed,, Where an acyl chloride is employed, the 50 
percentage is based on the functional groups (C-Cl ). Also, the use of certain catalysts has 
been found to be detrimental: accordingly it is preferred that anv catalvst employed be a 
mild catalyst which promotes reaction between the aromatic polvisocvanate and hydroxvl 
groups of the polyol and permits the foaming reaction to proceed at a 'reasonable rate but 
does not cause undesirable side reactions involving either the aromatic or aliphatic 
isocyanate such as biuret formation or trimerisation. or cause the aliphatic isocvanate to be 
incorporated into the polymer. If conventional strong catalysts such as tin salts are 
employed, less than the usual amount should be used. 
The optimum scavenger to be employed with a particular aromatic polyisocyanate can be 
60 determined by dissolving the corresponding amine and the scaveneer at equivalent (or 
greater) stoichiometric levels, i.e. enough of the scavenger is emploved to react with one 
hydrogen atom in each NH 2 group, in a common inert solvent. Within 16 hours at ambient 
temperatures the scavenger and amine should undergo a reaction which is essentially 
irreversible and complete. Additionally, when dispersed in water, the scaveneer should 
65 generally exhibit a reaction rate with the water (at 25"C) which is less than about 1l0~ 2 times 65 
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^SSS^^S^SSSV^^r^ % ° f Xylene units (excluding 
mole % . At o^^l^^^^&l 1 ^^^. * gom about 55 or 60 to ?! 
promote dispersion of the mSmui^S^^S l ^&^ m ^ t0 Use a surfa «ant to 
5 for this purpose can be used for Tvamnu ^ P " • t0 f "f nnn g- Conventional surfactants 

based ^Si^^ n ^^js^ssss!S^ m p r^ ,ar P °J ye - ther 

from polyether alcohols as well as those derived t f 7 T , • N i ari ? p,uroi "c derived 
stearyl alcohol, and a polyether alcoho°and Xnn^rf !1 « h, ! he J aIl P nat,c a,c °hol such as 
silicone ester and a polyethlr akTohol 8urfa ««w. «w example derived from a 

with an 

fnTe S n^°r» 

linear and does not have as moffifeSl,.? i ^ e resulting foam is essentially 
^ isocyanate functionality i S a ^ossSe^an teSnSUT" 8 - ACC °f d L ngly ' if ^ 
20 to the water in which the m^J^T^^^^S^Jr eXample * ad . dition 

polyisocyanate P ^uffiJ^^&ffiSS,fS * react l d separately with excess 
suS"^ 6 "^ prenolymers include polyarylisocyanates 40 
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Alternatively a one-shot process is used by foaming (using conventional techniques) a 
mixture typically comprising: a) aliphatic isocyanate, as scavenger for aromatic amine, b) 
aromatic isocyanate, c) a polyether or polyester polyrol, and d) a catalyst system for 
promoting reaction between the aromatic polyisocyanate and the hydroxyl groups of the 
5 polyol, as well as water. In the mixture the aliphatic isocyanate index is from 0.01 to 4, 
generally 0.2 to 4, and the aromatic isocyanate index is from about 110 to about 96 
especially about 99.8 to about 96. 

The expression "index" is used conventionally to indicate the ratio of the actual amount 
of aromatic or aliphatic isocyanate in the reaction mixture to the theoretical amount of 

10 isocyanate needed for reaction with all active hydrogen compounds present in the reaction 
• mixture, multiplied by 100. Of course, for scavengers other than the isocyanates the index 
indicates the ratio of equivalents of the scavenger group to the equivalents of all active 
hydrogen compounds initially present in the reaction mixture, multiplied by 100. 
Conventional catalyst systems can be employed in conventional manner in preparing the 

15 one-shot foams of the invention. However, it has been found that many catalysts increase 15 
the amount of aromatic amines in the foams and accordingly the amount of catalyst 
employed should be held to a minimum consistent with obtaining a desirable rate in the 
foaming reaction as well as desirable properties in the finished foam. As discussed above, 
suitable catalysts should promote reaction between the polyol and the NCO groups of the 

20 aromatic polyisocyanate and should be employed under conditions where detrimental side 20 
reactions (e.g. trimerisation, dimerisation and biuret , formation) are minimised. Conven- 
tional catalysts for promoting the NCO/alcohol reaction are set forth at Table LXX (page 
212) of Saunders and Frisch, Polyur ethanes: Chemistry and Technology (Part I), 1962, John 
Wiley & Sons; the Table below illustrates some suitable amounts thereof (in parts of 

25 catalyst/100 parts by weight of the polyol) is set forth below. According to conventional 25 
practice, catalysts are frequently used as mixtures and thus the actual amounts employed 
may vary considerably; the total amount should be kept to a minimum. 
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In the one-shot process all of the ingredients, e.g. the polyether or polyester polyol, the 
aromatic polyisocyanate, the aliphatic isocyanate, the blowing agent, catalyst, and any 
additional components such as UV absorber, surfactant, fire retardant additive and fillers, 
are mixed together and poured onto a surface or into a mould where foaming takes place 
5 according to conventional procedures (see, for example. United States Patent No. 5 
3,790,508 and British Patent Specification No. 1,368,625). Suitable aromatic and aliphatic 
isocyanates, and polyols are as described above for the prepolymer process. 

After the foam has been prepared it is desirably dried. It is also possible to treat the 
foamed polyurethane with a scavenger. This can be done by imbibing the scavenger into the 
10 product using a liquid vehicle such as water or an organic solvent or by exposing the product 10 
to the scavenger in the form of a gas, vapour or aerolised spray medium. 

The foams of this invention are useful for. inter alia, decorative, cushioning, insulative, 
sound deadening, protective and fire retardant surfaces. Accordingly, these foams may 
form strippable coatings for protecting articles during handling and shipment. Also, • 
15 because the foams are easily sterilised and are low in undesirable residuals, tney find great 15 
utility as household, industrial and/or health care, cosmetic, dental or biomedical/surgical 
products. The feature of fluid permeability of these materials renders them attractive for 
apparel. i 

Catalysts, antioxidants and other chemical reactants may be supported on the foams for 
20 use in, for example, enzymatic reactions, fuel cells, filters, water or blood purification, 20 
extraction applications and in separation systems. 

Examples 1-8 

Use of various aliphatic diisocyanates to reduce toluene diamine (TDA) levels in 

25 polyurethane foams r 
Polyurethane foams were prepared using the prepolymer technique by reacting 200 g of 
Prepolymer A, B, or C (described below) with 200 g of water containing 4 g of surfactant in 
the presence of the aliphatic isocyanate specifield in Table I. With the exception of 
Examples 6-8, the surfactant employed was Pluronic L-62 (BASF- Wyandotte), a nonionic 

30 polyether-based surfactant. In Examples 6-8 the surfactant was "Brij" (Registered Trade 30 
Mark) 72 (Atlas Chemicals Division of ICI, America. Inc.), a stearate surfactant. In the 
control foam using Prepolymers B and C, the Brij stearate surfactant was also employed. In 
the control foam using Prepolymer C as well as in Example 8, the amount of Brii surfactant 
employed was about 0.5 weight percent based on the weight of the prepolymer. 

35 Prepolymer A was prepared by capping a mixture of trimethylolpropane (TMOP) and 35 
"Carbowax" (Registered Trade Mark) 1,000 (a polyoxyethylene glycol. Union Carbide and 
Chemicals Corp.) with toluene diisocyanate (TDI). Sufficient amounts of the mixtures were 
employed so that on the basis of molar equivalence the ratio of TDI/TMOP/glycol was 
7.1/1/2. Analysis of the prepolymer for free TDI showed it to contain 39c by weight. The 

40 TDI was added in two stages. First, sufficient TDI was added to react with 95% of the 40 
hydroxyl groups followed by addition of the remaining portion of the TDI. Several hours 
was allowed between additions to promote chain extension in the prepolymer. 

Prepolymer B was prepared using the same reactants as Prepolymer A except that the 
TDI/TMOP/glycol ratio was 6.7/1/2. The prepolymer contained 1% by weight of free TDI. 

45 , Prepolymer C was prepared according to the method used to prepare Prepolymer A 45 
except that ethylene glycol was used as an additional reactant. The ratio of reactants used 
was TDI/TMOP/polymeric glycol/ethylene glycol of 8.6/1/2/1. 

The foams prepared as described above were analyzed for TDA by extracting 20 g of 
each foam 7 times with hot water followed by evaporation of the water. The extraction 

50 technique consisted of immersing 20 g of foam in 150 ml of deionized water at 38°C in a 50 
beaker for 5 minutes while compressing the foam several times with a spatula. This 
procedure was repeated 7 times with fresh water, ringing the foam as dry as possible 
between extractions. The combined extracts were filtered to remove any solid particles of 
foam and concentrated to approximately 50 ml in a rotary evaporator. The concentrate was 

55 evaporated to dryness in a beaker on a hot plate to obtain from about 0.134 g to about 0.330 55 
g of dry extract. At no time was the temperature allowed to exceed 60°C. The TDA content 
of the extracts was determined and the results are set forth in Table I. 
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From the above Table it can be seen that for the isocyanate foam of Example 1, the initial 
diamine level, calculated at 136 ppm, decreased significantly as the amount of aliphatic 
isocyanate employed was increased. Comparison of Examples I, 2 and 6 shows a steady 
reduction of 27 to 14 to the point where none was detectable. Similarly for methylenebis 
(cyclohexyl isocyanate) comparison of Examples 3 and 4 shows a similar decline. This 
decline is unexpected because each of the aliphatic diisocyanates was difunctional and some 
participation in the polymerisation reaction would seem probable. However, despite the 
presence of the exothermic polymerisation conditions, the presence of the aliphatic 
isocyanate still exhibited a significant influence on the amount of residual total extract and 
free tolylene diamine in the foam. 
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Examples 9-18 



I 

I Preparation and Analysis of 
One-Shot Polyurethane Foams 

I 



Trade name designations in Examples 9-18 are as follows: 
"NIAX" (Registered Trade Mark) Pplyol 1646- ethylene oxide/propylene 



(Union Carbide) 

NIAX Polyol 60-58 
(Union Carbide) 

NIAX LG-56 
(Union Carbide) 

Formrez 50 

(Witco Chemical Co.) 



"Freon" (Registered Trade; 
(DuPont) 

Silicone L-520 
(Union Carbide) 



Silicone L-5320 j 

(Union Carbide) 1 

NIAX Catalyst A-l 

(Union Carbide) j 

"DABCO" (Registered Trade Mark) 

(Air Products) | 

XDM421 | 

(The Dow Chemical Co.) 



oxide copolymer 

- ethylene oxide/propylene 
oxide copolymer 

- propylene oxide polyol 
(m. w. ^ 3,000) 

- polyester (adipic acid/ 
diethylene glycol) glycol. 

m. w. = 2.000. hydroxyl number 
m.w. — 2.000. hydroxyl number — 50 

Mark) 11 - trichiorofluoromethane 



- hydrolyzable silicone 
surfactant (silicone ester/ 
polyether alcohol reaction 
product) 

- silicone surfactant 



- tertiary amine/glycol 
admixture 

- triethylenediamine 



- polyoxyethylene triol (> 50% 
end-capped with secondary 
hydroxy! groups) 



Hylene" (Registered Trade Mark) W- l.r-methylenebis(4- 



(DuPont) 

DDM410 
(General Mills) 

Fryol FR-2 



(Stauffer) 



isocyanatocyclohexane) 

- stearic acid dimer 
ditsocyanate 

- tris-2,3-dichloropropyl 



phosphate 



"Armeen" (Registered Trade Mark) D-16-D- dimethylhexadecylamine 
-65 (Armak Co.) 1 
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Foams (designated A-E) were prepared using the one-shot technique and formulations as 
described below. Five sample foams were prepared from each formulation and the residual 
aromatic amine content from the five samples was averaged to give the values shown in 
Table II (below). Also, five control foams (no additive) were prepared from each 
5 formulation with the aromatic amine values shown in Table II being the average of the five. 5 
In Table II the aliphatic isocyanate employed in the odd-numbered examples was Hylene 
W. The aliphatic isocyanate employed in the even-numbered examples was DDI-1410. The 
foam formulations employed in the examples are as follows: Formulation A (Examples 9, 
10); Formulation B (Examples 11, 12); Formulation C (Examples 13, 14); Formulation D 
10 (Examples 15, 16); and Formulation E (Examples 17,. 18). 10 

TABLE II 

Residual Aromatic 

15 Residual Aromatic Amine in Control 15 

Example Amine (ppn) Foams (No Additive) (ppn) 

9 

20 2,4 26.3 44.3 20 

2,6 54.4 54.9 

10 

2,4 22.3 44.3 

25 2,6 47.6 54.9 25 



30 



11 



2,4 11.6 53.6 

2,6 43.1 96.1 



12 



2,4 46.0 53.6 

2,6 101.7 96.1 



35 13 



30 



35 



2,4 44.1 55.3 

2,6 24.0 50.1 

40 U 2,4 7.2 55.3 40 

2,6 39.3 50.1 

15 

2,4 0 25.4 

45 2,6 0 71.1 45 

16 

2,4 19.2 25.4 

2,6 71.1 
50 50 
17 

2,4 0 21 

2,6 0 0 

55 55 
18 

2,4 0 21 

2.6 6.1 0 

60 60 

Foams were prepared as follows. The number in parentheses following the ingredient is 
the parts by weight of said ingredient. 

Formulation A was prepared by admixing N1AX Polyol 1646 (100), distilled water (3), 
fluorocarbon 11 (3) and silicone L-520 (2) to form mixture 1. N1AX catalyst A-l (0.2), 
65 stannous octoate (0.35), toluene diisocyanate 80/20 (49.5) and either Hylene W (6) or 65 
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DDI-1410 (6) were admixed to form mixture 2. Mixtures 1 and 2 were combined and stirred 

for about 10 seconds followed by formation of a very soft polyurethane foam (Foam A). 
Formulation B was prepared by admixing N1AX polyol o0-58 (100), distilled water (4), 

Silicone L-520 (2), and DABCO (0.15) to form mixture 1. N-ethylmorpholine (0.60), 
5 stannous octoate (0.15), TDI 80/20 (50) and either Hylene W (6) or DDI-1410 (6) were 5 

admixed to form mixture 2. Mixtures 1 and 2 were combined and stirred for about 10 

seconds followed by production of a flexible polyurethane foam (Foam B). 

Formulation C was prepared by admixing NIAX LG-56 (100), Fryol FR-2 (20), distilled 

water (4) and Silicone L-520 (1) to form mixture 1. NIAX Catalyst A-l (0.1), stannous 
10 octoate (0.35), TDI 80/20 (50.7) and either Hylene W (6) or DDI-1410 (6) were admixed to 10 

form mixture 2. Mixtures 1 and 2 were combined and stirred for about 10 seconds followed 

by production of a polyurethane foam having flame retardant properties (Foam C). 
Formulation D was prepared by admixing Formrez 50 (100), distilled water (3.8), 

Silicone L-5320 (1.0) and Armeen DM-16-D (0.3) to form mixture 1. N-ethyl morpholine 
15 (1.9), TDI 80/20 (44.9) and either Hylene W (5.8) or DDI-1410 (5.8) were admixed to form 15 

mixture 2. Mixtures 1 and 2 were combined and stirred for about 10 seconds followed by 

production of a polyester foam (Foam D). 

Formulation E was prepared by admixing XDI-1421 (100), distilled water (3.0) and 

Silicone L-5320 (0.1) to form mixture 1 . Triethylamine (0.15), stannous octoate (0.075) and 
20 TDI 80/20 (34.0) were admixed with either Hylene W (5.36) or DDI-1410 (5.36) to form 20 

mixture 2. Mixtures 1 and 2 were combined with stirring for about 10 seconds to produce a 

hydrophilic polyurethane foam (Foam E). 

Analysis of the foams of Table II to obtain the residual aromatic amine values was carried 

out using thin layer chromatography in a method very similar to that described by 
25 Kotteman (J. A. O. A. C, 49 (5), 954-959 (1966)). Visualization using ultraviolet light was 25 

aided by spraying the plates with "FluranT (Registered Trade Mark; 4-phenylspiro[furan- 

2(3H),-l'-phthalan]-3,3'-dione), by Roche Diagnostics). 

In the analytical method a foam sample weighing 1-2 g (weighed to the nearest mg) is 

covered with 75 ml of methanol in a 250 ml beaker and soaked for 5 minutes with occasional 
30 compression. The methanol is decanted by squeezing the foam as completely as possible. 30 

This procedure is repeated twice with fresh methanol, and the combined extracts are 

concentrated to 25 ml for further analysis. 

Standard solutions of 2,4- and 2.6-toluene diamine (hereinafter TDA) are prepared in 

methanol and contain 20, 16, 12, 8, 4 and 2 ug/ml. The standard solutions and the unknown 
35 extract (using 20 microlitres of each) are spotted at 7 positions equidistant from each other 35 

with each spot being 3 cm from the bottom of a standard 20 cm x 20 cm silica gel TLC plate. 

The unknown occupies the seventh position at one side of the plate. After the spots have 

dried, the plate is placed in a developing tank containing 120 ml of chloroform, 33 ml of 

ethyl acetate, 20 ml of ethanol and 7 ml of glacial acetic acid. Development takes about one 
40 hour and is complete when the developing solution reaches a line 15 cm above the bottom 40 

of the plate. 

The plate is dried in a horizontal position for 5-10 minutes and then sprayed uniformly in 
a vertical position with a 0.015% solution of Fluram in acetone. The spots which appear 
approximately 6 cm (2,4-isomer) and 8 cm (2.6-isomer) above the bottom of the plate can 

45 be located with ultraviolet light, e.g. a long-wave hand-held BLAK RAY model UVL-60 45 
from Ultraviolet Products. Inc. The sides of the plate are marked to indicate the line 
through which the plate is to be scanned. 

The plate , is placed in an Aminco-Bowman Spectrophoto Fluorimeter (Model J4-8427) 
with a Model J10-280 photomultiplier microphotometer having a strip chart recorder with a 

50 10 millivolt full-scale output attached thereto. The excitation wavelength in the scanner is 50 
adjusted to 390 nm and the resulting visable light spot is adjusted to scan across the line of 
TDA spots. The emisson wavelength is set at 500 nm. The plate is scanned starting with the 
strongest standard spot to generate a chart showing relative fluorescence of the TDA 
isomer spots as a series of curves wherein the light is proportional to the concentration of 

55 TDA in the unknown. 55 
Peak heights are measured from the baseline and are plotted. The concentration of TDA 
in the extract is then calculated from the known concentrations of the standard solutions. 
This value, expressed as ppm in the original foam, is obtained using the following equation: 

gQ TDA, ppm in foam = (TDA in extract, ug/ml) (ml extract) 59 

foam weight, g. 

To illustrate use of the above equation, if a 2.0 g loam sample generates 25.0 ml of 
concentrated extract containing 5.7 ug/ml of 2.4-TDA. the foam sample contains 
approximately 71 ppm of 2.4-TDA. 
65 The precision of the above method is ± 30% at a level of 20 ppm. 55 
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Examples 19-25 



10 



15 



20 



Use of Bis(3-methyl-4-isocyanatocyclohexyl)methane as 
Scavenger for Aromatic Amines 



Various amounts of bis(3-methyl-4-isocyanatocycIohexyl)methane were admixed with 
two different hydrophilic urethane prepolymers (Prepolymers F and G) prior to foaming. 
Foaming was carried out by admixing the prepolymer (100 parts), water (100 parts) and a 
surfactant (2 parts). The surfactant employed was Pluronic L-62 (BASF/Wyandotte). The 
resulting foams were analysed for their residual content of aromatic amines according to the 
method set forth in Examples 9-18, and the results are set forth in Table III. 

Prepolymer F was prepared by admixing polyethylene glycol (M.W. = 1,000) with 
TMOP. Sufficient TDI was added to cap 95% of the hydroxyl groups present followed by 
further addition of TDI to provide a theoretical excess of 10% TDI. Following the initial 
addition of TDI, the admixture was allowed to react for several hours before the final 15% 
TDI was added. The mole ratio of PEG 1,000/TMOP was 2/1. 

Prepolymer G was prepared following the same general procedure as Prepolymer F with 
the exception that the PEG 1,000/TMOP ratio was 2/0.66. Also, only 92% TDI was added 
during the first addition. Following a reaction period, an additional 13% TDI was added. 

In control 1 and Examples 19-22. Prepolymer F was employed. In control 2 and 
Examples 23-25, Prepolymer G was employed. 

TABLE III 



10 



15 



20 



25 






Residual Aromatic 
Amine (PPM) 




25 


30 


Example 


Parts Diisocyanate 

Per 100 Parts by weight 

Prepolymer 


Wet 2 


Air Dry 3 
Overnight 


30 Minute 4 
Forced 
Air Drying 


30 


Control 1 


0 


15.6 


27.2 


7.5 




19 


1.0 


0 


0 


0 




35 


20 


0.5 


0 


0 


0 


35 




21 


0.25 


8.9 


14.2 


0 




40 


22 

Control 2 


1 part 1 
0 


0 

26.0 


13.1 
23.4 


0 

10.6 


40 




23 


1.0 


0 


0 


0 




45 


24 


0.5 


0 


0 


0 


45 




25 


0.25 


0 


0 


0 





50 2 Foam prepared by machine equipped with a mixing head. 
2 Foam was analyzed when wet immediately after foaming. 
3 Foam was analyzed after drying in air overnight. 

4 Foam was analyzed after drying for 30 minutes with forced air at 60-70 C. 
WHAT WE CLAIM IS: j m jx , 

55 1. A process for preparing a fluid-permeable (as hereinbefore defined) polyuretnane 
foam derived from an aromatic poly-isocyanate which comprises incorporating a scavenger 
for aromatic amine either in: 

(a) a mixture of an aromatic poly-isocyanate, a polyether or polyester polyol and water 
in which case the index of said scavenger "in the mixture is from 0.01 to 4 and the index of 

60 said aromatic poly-isocyanate in the mixture is from 110 to 96. or 

(b) a mixture of a prepolymer comprising polyether or polyester units capped by an 
aromatic poly-isocyanate. and water, in which case the scavenger is present in an amount 
not more than 8 parts by weight based on the weight of the functional groups of the 
scavenger per 100 parts by weight of said prepolymer. and causing the resulting mixture to 

65 react, or in (c) the foam obtained by reacting a mixture as defined under (a) or (b). which 
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mixture need not contain scavenger. 

2. A process according to claim 1 in which the scavenger exhibits a reaction rate with 
water which is less than 10' 2 times the reaction rate of the aromatic poly-isocyanate with 
water. 

5 3. A process according to claim 2 in which the scavenger is an aliphatic isocyanate. 5 
4. A process according to claim 3 in which the aliphatic isocyanate is 4,4'- 
methylenebiscyclohexyl diisocyanate, isophorone diisocyanate. bis (3-methyl-4- 
isocyanatocyclohexyl)methane, tris (6-isocyanatohexamethylene)- biuret or an isocyanate 
derivative of a condensed fatty acid. 
10 5. A process according to any one of the preceding claims in which the foam is dried 10 
after preparation. 

6. A process according to any one of the preceding claims for preparing a hydrophilic 
polyurethane foam. 

7. A process according to any one of the preceding claims in which the scavenger is 

15 incorporated into a mixture as defined under (b). 15 

8. A process according to claim 7 in which the scavenger exhibits a reaction rate with 
water which is less than 10~ 3 times the reaction rate of the aromatic polyisocyanate with 
water. 

9. A process according to claim 7 or 8 in which the urethane prepolymer is the reaction 

20 product of a pblyoxyalkylene polyol wherein at least 40 mole % of the oxyalkylene units are 20 
oxyethylene and an aromatic poly isocyanate. 

10. A process according to claim 9 in which at least 60 mole % of the oxyalkylene units 
are oxy ethylene. 

11 . A process according to any of of claims 7 to 10 in which the urethane prepolymer is 

25 the reaction product of a polyoxyethylene polyol with a monomeric alcohol having at least 3 25 
hydroxyl groups per molecule , capped with an aromatic poly-isocyanate. 

12. A process according to claim 1 1 in which the alcohol is an aliphatic alcohol having 3 
hydroxyl groups per molecule and the polyol is a polyoxyethylene glycol. 

13. A process according to any one of claims 3 to 12 in which "the aliphatic isocyanate is 

30 present in an amount from 0.1 to A a /c by weight of said prepolymer. 30 

14. A process according to any one of claims 7 to 13 in which the water is present in an 
amount from 0.4 to 1000/mole H4)/mole of NCO groups. 

15. A process according to any one of claims 7 to 14 in which the water is present in an 
amount from 6.5 to 390 mole H : 0/mole of NCO groups. 

35 16. A process according to any one of claims 1 to 6 in which the scavenger is 35 
incorporated into a mixture as defined under (a). 

17. A process according to claim 16 in which the polyol is a polyether. 

18. A process according to claim 17 in which the polyol is a hydrophilic polyether. 

19. A process according to claim 18 in which the polyol is a polyoxyalkylene polyol in 

40 which at least 40 mole c /c of the oxvalkvlene units are oxyethylene. 40 

20. A process according to claim 19 in which at least 60 mole % of the oxyalkylene units 
are oxyethylene. 

21. A process according to any one of claims 18 to 20 in which the polyether is a 
reaction product of a polyoxyethylene polyol with an aliphatic alcohol having at least 3 

45 hydroxyl groups per mole. 45 

22. A process according to claim 15 in which the polyol is a polyester. 

23. A process according to any one of claims 16 to 21 in which the water is present in an 
amount from 0.40 to 0.55 mole H^O/mole of NCO groups. 

24. A process according to any one of claims 16 to 22 in which the water is present in an 

50 amount from 6.5 to 390 mole H->0/mole of NCO groups. 50 

25. A process according to any one of claims 16 to 23 in which the index of the aromatic 
poly-isocyanate in the mixture is from 99.8 to 96. 

26. A process according to claim 1 substantially as hereinbefore described. 

27. A process according to claim 1 substantially as described in any one of Examples 1 

55 to 4 and 6 to 25. 55 

28. A fluid-permeable polyurethane foam whenever prepared by a process as claimed 
in any one of the preceding claims. 

29. A composition for preparing a polyurethane foam comprising: 
(a) an aliphatic isocyanate and " 

60 (b) a hydrophilic urethane prepolymer having polyether backbone segments capped 60 
with an aromatic polyisocyanate, the amount of aliphatic isocyanate in said mixture being 
not more than 8 parts by weight based on the weight of the functional groups of the aliphatic 
isocyanate per 100 parts bv weight of said prepolymer. 

30. A composition according to claim 29 in which the urethane prepolymer is the 

65 reaction product of a mixture of a polyoxyethylene polyol with an aliphatic alcohol having 65 
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at least 3 hydroxyl groups per molecule, said hydroxyl groups 'being capped with an 
aromatic polyisocyanate. 

31. A composition according to claim 30 in which the polyoxyethylene polyol is a 
polyethylene glycol and the aliphatic alcohol has 3 hydroxyl groups per molecule. 
5 32. A composition according to any one of claims 29 to 31 1 in which the aliphatic 
isocyanate is 4,4'-methylene-biscycolhexyl diisocyanate, isophorone diisocyanate, bis(3- 
methyl-4-isocyanatocyclohexyl)methane, tris (6-isocyanatohexamethylene)-biuret or an 
isocvanate derivative of a condensed fatty acid. 

33. A composition according to any one of claims 29 to 32, in which the aliphatic 
10 isocyanate is present in an amount from 0.1 to 4% by weight 'of said prepolymer. 

34. A composition according to claim 29 substantially as hereinbefore described. 



Chartered Patent Agents, 
14. South Square. 
Gray's Inn, London, W.C.I. 



J.A. KEMP & CO. 



15 



15 



Primed for Her Majesty's Stationery Office, by Croydon Priming Company Limited, Croydon. Surrey, 1980. 
Published by The Patent Office. 25 Southampton Buildings, London. WC2A 1 AY,from 
which copies may be obtained. 1 



